



3.1 $EP£3i#M! 

3 . 1.1 fewmn- 

*/M? ^ * m w &&* p nm o 

£S 3.1.1 #J®—JKW n + m titft&ftw 



^a u m^ ftm^nmnrnmwmm, bp 

[A n - A I2 A"'A 2I ] 1 = A’ 1 + A“'A I2 [A 22 - A 21 A‘ 1 A 12 ]- 1 A 21 A‘ 1 (3.1. 2) 

fP 

An' A 12 f A 22 - A 21 A“ 1 A 12 ] _1 = f A n - A 12 A 22 A 21 ] _1 A 12 AJ 2 (3. 1. 3) 

&m-. b#o 

£3 3.1.2 (*EPN«£fl3) 

[A + BC] 1 = A 1 - A~ l B[I + CA l B ] 1 CA 1 (3.1. 4) 


M: 4(3. 1.2)A*> 4A n = A, A 12 =B,A 2l =C,A 22 =1,®'$ (3.1.4)^. 

£® 3. i. 3 $ph a (3.1.1) nm 

det A = det A 22 -det[A n - A 12 A 22 A 21 ] (3.1. 5) 

det A = det A n • det[A 22 - A 21 A;jA 12 ] (3.1. 6) 


ffiBJ: 0A 

[An A 12 ¥ / 0 1 Ja„-A 12 A^A 2I A 2 A^1 

[a 21 A 22 J|_- A 22 A 21 A" 1 ] [_ 0 / J 

mm 

det A • det A 22 = det[A u - A 12 A 22 A 2] ] 


(3.1. 7) 


41110 det A 22 =—-—, ffi#(3.1.5)5*;. ^mRTffi(U6)i 

det A 22 

li 3.1.4 det(7 + BC) = det(/ + CB) (3.1.8) 

ffiBJ: fMA = ^ *J, 0tA^iJ4A(3.1.5)fP(3.1.6)^®nTffiHJ14^o 
£13.1.5 [I + BC] 1 B = B[I + CB] 1 (3.1.9) 


ffiBj: *(3.1.4)# 

(/ + BC) 1 B = B - B(I + CB) 1 CB = B(7 - (/ + CB) 1 CB) 
= B(7 + CB)'' (I + CB- CB) = B(7 + CB) 1 
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® tr[A] = tr[A T ] 

© tr[A x +A 2 \ = tr[A x ] + tr[A 2 ] 

© tr[AB] + tr[BA] 

® tr[Axy T ] = tr[y T Ax] = y T Ax = x T A T y 
k%A*mmm, jau tr[A] = rankA 


3. 1. 2 

mrnmfeo 


1) fe;SX\f [n]S^-|^^3Cy^frffJ]il° ^ J0 G R" , WO 
dJ = dJ GJ _ 8J_ 
dd~ V d0 x ’ d0 2 ’ ' , d0 n 


(3. 1. 10) 


2 ) 


3) 


4) 


%xgR'\ 0gR\ W'J 



0X, 

8x x 

<9x 


~80~ n 

00 “ 

5x m 

8x m 


80 x 

80 n 


%agr nxn , 0 gr\ wo 

dA _ 8A_ 8A_ 8A 

~80~ V ~80~ x , ~80~ 2 , ' , ~80~ n ^ 


(3. 1. 11) 


(3. % 12) 




MMm, wo 

8M dm ,,, 


ffiWtflMij tc^o 


/l: [*.&£/& K» 

1) — (a T x) = a T ; 
dx 

2 ) — (x t Ax) = 2x t A, AMmfeW-, 
dx 


3) 

4) 


-log det M = M 

8M 


dM~ l _ 
dx 


! dM 

-M - M ; 

dx 


5) 


—tr[Ax l B] = -(x l BAx~ l ) T . 
dx 
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3. i. 3 

jnmmift AeR mxn ,A*0 , 4 rank(A) = r(r > 0) , M 'a & nT ® & S'J £E ^ 5 e iT xr fP 
C e R rx ", 

A = 5C (3. 1. 13) 

5- 

rank(A) = rank(B) = rank(C ) (3. 1.14) 

43ep£a*o, 



A l =TU 2 (3.1.16) 

=[0 Q\ (3.1.17) 

q q t q > o mzMMWo 

3.1.4 

jjua* 

AA A = A (3.1.18) 

W: 

rank(A ) > rank(A) (3. 1.19) 

MM-, 

A + = C T (CC T y\B' B)-'B r (3. 1. 20) 

^y^WcYMMM:, BrVXQ%ktiir£%lfl3i!£.%i\ Moore-Penrose 'K/^gl^o 

AX = Y 

a a z = a x y 

BAM$tg&pm% % rank(A,Y) = rank(A) , titHtMm 

MstZ): 
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X = A Y + (I - A A)Z ( 3 . 1 . 21 ) 

SA^^^PA Rrank(A,Y) * rank(A) , DJISHM, 
ftfo f0W®|AX-F|^/jN^*/>-^f¥, MAA: 

X =A + F + (/-A + A)Z (3.1.22) 

m&X = A + Y X 

3.1.5 

Rttmmti' %mm\ r. 

31® 3. 1.1 SAg C mxn , 130 

rank(A H A) = rank(AA H ) = rank(A) (3. 1. 23) 

31® 3. 1.2 tAe C mxn , J30 

(1) a h a a aa h tmrimmruvm-, 

(2) A H AAAA H fi3###MM, (liMitli+JT) 

rank{A) „ 

gjUl.l SAgC“ x ", M#Om$SaW^i«eC", VGC m «f# 

Au = ov, A H v = ou (3.1.24) 

WO^rx A A ®@i|, m #P A XM^PNtcr 

*A(3. 1. 24) nj# 

A h Au=oA h v = cj 2 u (3.1.25) 

AA h v = oAu = cr 2 v (3. 1. 26) 

Hitter 2 £A h AW#M, #L&AA H mmU, MKfPv^0^A H AfPAA H X3^#tiE{Scr 2 ^ 

g®3.1.6 SAgC™, Rmnk(A) = r, !®itm 

y H At/=r ° (3.1.27) 

Lo oj 

2 = diag((J l ,---,(J r ), iLo - ! > ••• > c r > 0 

(3.1.f?)»£EP$A JAMM 3.1.6 OTJSL, U m\\HWRA H A 

m, [/K|f)r^|ti]*^A H AX0-«rA3E##|i£ficr 1 2 ,---,cr 2 ^miE«ffi[tU» ; IV^^i 

JAV t =A[/ 1 Z- 1 WM, W 

AA h Vj = AA H AU l IT 1 = At/^ir 1 = A (7,2 = V,2 2 (3. 1. 28) 
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v etiBtr r n aa h ^ mm cr, 2 , • • •, A w wig®#® im 

i kAzC m * n , wm 

(1) A H A<a\A)*l n , AA h < a 2 (A) * I m ; 

(2) <r(A) < |A ; (A)| < cr (A) ■, 

— II Axil ,, ,, ||Ajc|| ,, .. 

(3) a (A) = max V-/ = max \\Ax , cr(A) = min V-/= min Ax ; 

M & ~ - IWI p 

(4) ct(A)<1^J.{X.S/-A h A>0^/-AA" >0; 

( 5 ) A?i^^j.R^o:(A)>0; 

(6) 1mW:Avim, flOA(A) = o:(A^ 1 ) ; 

(7) ^<7 i (j3A) = \j3\a i (A)-, 

(8) i %A 1 ,A 1 eC mxn , |ij a(A l +A 2 )<a(A l ) + a(A 2 )-, 

(9) i %AeC mxq , BeC qxn mm &(AB) < <j(A)<j(B )fP o^AB) > &(A)a(B) ; 

(10) i£ A W##* A = p Al2 Wm ct(A) > ct(A,), i, j = 1,2 . 

L4i Ai J 

H, 

(i) M$k 

^a#SiJ^P$A(HjL 2 M|A|pM^W, ft 

!4=[iiK| 2 ] =1 u"*v\=p\ 2 = jv;+■■■+*? <3.1.29) 

#JE§£EI^ A ij'AiFJt idfK ^< r = ran^(A) 0 ^J^A r $nT: 

A r = m ( . x cr ; x vf , & < r 

WJ A fi^WL,fOL 2 

ra sfi)J A "4‘^p-4|=^ + i ( 3 - L3 °) 


fn 





J A - B \\ 2 2=\\ A ^M 2 2= a2 ^ + '-- + a r (3-1.31) 

Ax=b wt a w»o 

(2) 

s^«x«m Fm&&m 6.2.1 w= 

|detA| = |det^ | = cr i a 2 ■•■cr n (3.1.32) 

mUicrjm^T^, UHJ |det A| ^ 0, ^S^AW^Ws CT i (i>r)m?m, M'J 

detA = 0 , BPA£3f#W. &&&£/?? a t mm M-tf-tfiWteiW. ^Seu.31)« 
(3.1.32), tf^-^nxn^A, 

ncr i - Hi - °\ 
a" > cr"~ 1 a n > |det A| > cr' ! 

|det A|‘ /n > fJ n > |det A|‘ /n (3.1.33) 

|det A| 1/n > cr n > |det A|/|a[|” 1 

; : |a||" /|det A| > a l /a n > maxjl, * |A^ 2 /|det A| 1/n | 

(3) &im 

tf?' :^nxnfeWA, 

cond(A) = crj cr h , h = mva{m,n ) (3.1.34) 

A£«(3.i.34)TOWi 1 WiESfe. 3M^&'J'W£P£nW “fett” *EPfc, 

kzvm u m&” few, mm , imu 

cond(A) = ||A||||a _1 || J§£p, Wo Ji(3. 1.34)IkHj )IJfP cond(A) W Wtit 


%&mfe-nMAx = b o «, ifA ff AWtm»^ 

A H A = VZ 2 V H 

BPM$A H A A W^Md^ftW-ff, 


cond(A H A) = = [cond(A)] 2 


(3.1.35) 


(3.1.36) 


mz, ^P$A H Aw^#m^E^Aw^«w™§o 

(4) #fiEIt 

i% nxn Z ft. & A W # IE tt * A,,-, X„ (|x, >~>A n ) , itf % {I % 


3-6 




<Tj»• • •» cr n (cr 1 >--cr n >0), Jil'J 

<J x >\X i \>(j„, i = 1, • • •, n 
cond{A)> |A, |/|A n [ 

N@i: 

£PIAer x "MtM 

cr 1 >•••> cr r > cr r _, = • • • = cr„ = 0 


JJUI ran&(A) = r , J=L 

min IIA-Bll = crL 

#», % A e C"*" 0jlfc, 1 /co/id(A) = <7,, la x = a n /||A|| 2 

NS 2: ? 

ran^(A) = r, JHU null(A) = span{v r+1 ,■ ■ ■, v n }fP range(A ) = span{u x , • • •, u r }„ 

M3: 

nxk £EP£ Y = [y x ■■■y k \ fP Z = [z x ---z k \» # J=L 5 t = range(r) , 
S 2 =mnge{z) 0 %(T x >--->(T k &Y H Z&]^{M., jty 
dist(S x ,S 2 ) = ^ nun^ Jy - z\\ 2 = -cj 2 x 

NS 4: 


ia%:AmB®%mxn}m, mia x >->a n &C 


w&&mE A m 


E b , MmWBJITM: |kH<cr ;! , |fj <cr„,#B 
null{A + E A )ninull(B + E B ) ^ {o} 

3.2 

20 M 70 Willems #J. 

® r icc at i 20 tt^a so 
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lmi *m, 

mm, mm\m^fewmmjm, ^mmmmi 

m, mm lmi 

$ 14 um&fiumwj*t lmi mmmmmm, 

ip#fu-^#ii° ?m, lmi rntm^mm^ 

mwm 

3.2.1 LMI 


F(x) = F 0 +J]x i F i >0 


(3. 2. la) 


F^F? zR^M^fettlMMfeW, ^r^i. 


£(3.2. 1)5^, F(x)M&feW, werfi u T F(x)u > 0 J&sL* J|£ 

(3.2. lmi ; a 

F(x) > 0 (3. 2. lb) 

w, M%itr^LMi o 

#^( 3 . 2 . imw-jm 

« Lyapunov feWfem^ 

A T X + XA < 0 (3.2.2) 

n^±mmmMmfeWA= 



*1 *2 
_*2 X 3] 


U)IJ^(3.2. 2)rTM^(3. 2. l)m 


RTwa^Dtrax^ni, 

few, Aitewfsuttftiffix, Mfefe^&tm%LMi. sitk, jm&mm&w% 

2 . 2 ) 

mmschurimimmm^m^m&XLMiM^, wm^, lmi 



mvtT 

R(x) > 0, Q(x)-S(x)R l (x)S T (x)>0 (3.2.4) 


mm 

Q(x)> 0, R(x)-S t (x)Q~ 1 (x)S(x)> 0 


(3. 2. 5) 


mfi i(• 1 1 1 . q(x) = q t ( X ), r(x) = r t (x), *b&, 

(3. 2. 4) m (3. 2. 5) (3. 2. 3) LMI , 

MT- u^-ll^^^r'J'LMlP] LMI mfo: 
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A T P + pa + PBR l B T P + Q < 0 

%^a,b,q = q t ,r = r t p = p T ^m, &-&&&$&& 

LMI: 


'-A t P-PA-Q PB >0 

b t p r \ 


(3. 2. 6) 


^3C3.2. 1 {LMI feasible problem) (3. 2. l) , 

wmutLMiusM, fpnj®. 


3.2.2 mt^jLMI Mjn)jS 

lmi )m-. 

(1) (LMIP) 

LMI F{x) > 0 , LMIP x feas j$# 

F(x feas )> 0 (3.2.7) 

iftiP Lyapunov It^tftlnJJI, LMI niffftf nT!U.iS®^: A t e R nxn , i=l,2,---,l, ##cJEaE- 

mwp>o, mu lmi 

P >0, A t T P + PA t <0,1 = 1,2, • • •, / (3.2.8) 

o 

(2) Mil'iNiM (EVP) 

Bfp IP 

min imize A 

(3. 2. 9) 

subject to AI - A{x) > 0, B{x) > 0 

g*. a(^),b(jc)*#m^, j&*k evp 

bp 

minimize c T x , 

(3. 2. 10) 

subject to F(x) > 0 
K4 3 . F(*)*jcfifj®!&. 

(3) r3C#M^M (GEVP) 

gevp m lmi uimwv, ip 

mi n imize A 

(3. 2. 11) 

subject to AB{x) - A(je) > 0, B{x) > 0, C(^) > 0 

A(jc),5(jc),C(jc)M$^> tikft, GEVPiSW^^h-#^, 


min imize A 

subject to A(x, A) > 0 
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X > ju => A(x, X) > A(x, ju) (3.2.13) 

(4) (CP) 

*m A(x),B(x) &&T-X mm^k, 

min imize logdetA(x) -1 ^ ^ ^ 

subject to A(x ) > 0, B(x ) > 0 

SA>O0t, logdetA-^AS^M. fi^NSnJ^^EVPfn]®, H^detA(jt)>;tnT 


3.2.3 

Ef l^BLMI UmmtmmXm^^MATLAB LMItoolbox, &XM:&&M$:LMI f«ISM 
%S LMI : F(x) = F 0 +Y J x l F i > 0 ,&*F,= F t T e R nxn &X=£XF(x) 


(/>{x) = 


logdetF(x) \F(x)> 0 
oo, otherwise 


(3. 2. 15) 


awpb m , itJ.{p§ f(x) > o „ mmmx \ f( X ) > 0} F 13 F 2 ,-,F m 

evp m 

minimize c T x 
subject to F{x) > 0 


r pt , tfxmtfix > x opt , lmi 

F(x) > 0 ,c T x < X 

(1) %mmx ( 0 ) ,x (0) , imF(x m )> o \>xrc t x w < x (0) ■, 

(2) X (k+1) =c T x (k) +X w ; 

(3) x (k+1) =x*iX (k) ) 

qr mm chosiesky ah 

m tn, immx ; A-tr mmwmmm&mM, mnmmm^k a ^ a&i» Newton 


3. 3 LMI 
3. 3. 1 Schur 
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DMffAe R rxr ,B e fl rx( "“ r) ,C e i? ( " 


(1) 

' 4> o ' 

™ 7 <«)_ 

"A 5 

C D 

= 

"A 

0 D-CA l B 

(2) 

'A fll 

c d\ 

7 (r) 

0 

- A~ X B 

kn-r) 


'A 0 1 

C D - CA _1 2?J 


(3) 


4) 0 

-CA 1 /. , 


A fl 
C D 


2) ^»Aei{ ro ,Be/?" M ,C£i? ( 
(1) 


7 (r) -A~ l B 

0 7 (n-r) 

)xr ,DeR in - r 


o l. 


( 2 ) 


(3) 


A 5] /, 


"[A 5~ 


A-BD l C 

o' 

Lc £>_ 


C 

D 

0 


\a-bd~ 1 c 

B ] 

C 7 (JI _ r) 


[ 0 

*\ 


^J.^P$ApTit, jJj!j 

(3. 3. 1) 

(3. 3. 2) 

A 0 1 

0 D-CA'B \ (3 - 3 ‘ 3) 

XRTfPtDvm, JJtlJ 

(3. 3. 4) 

(3. 3. 5) 


I {r) - BD- 

0 Ifn-* 


C D -DC I, 


A-BD l C 0 
0 D 


3.3.2 Schur IS 

£@ 3 . 3.1 %MmWQeR rxr ,S eR n 

'Q si 


r) ,ReR in 


S 1 R 


<0 


(3. 3. 7) 


mn- 


(i) R< 0, Q-SR 1 S t < 0 


(ii) <2 < 0, R-S T Q~ l S< 0 


im-. 

re ^ 




Q-SR 1 S t < 0 


L 5 *J 

' 1 'lG<0ll']'. MM Schur (3. 3. 3) j$, W 


hr) sr'~ 

Q s 

" 7 w 

0 ' 


G-s/tV o' 

_° v->_ 

S T R 

-RT 1 S t 

7 (n-r) _ 


0 R 


(3. 3. 8) 

(3. 3. 9) 


(3. 3. 10) 
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Sifc, W^i6(3.3.7)$&, miftTi 3':3.8)/fc&, 

MM, nTffi(3.3.9)^o 

[&¥.1 

Q-SJT'S^gMSchur#. 

3.3.3 

^13.3.2 %tfeG,U,V, GgR mn , Uy^Mn'A T, #« WST 

G + t/XV 7 +(GXV 7 y <0 (3.3.11) 

U lt GU l < 0 (3.3.12) 

V LT GV L < 0 (3.3.13) 

g-M'G ,v >jGflivrt<j:iH^#, f(/ 1 (/ = o,y i v = o„ 

M: (1)^14: 

U 1T U=0 U AT GU ± >0o 

03j*K3. 3. n)^mu A - T m^mu ± iLwnm-. 

U lt GU l +U 1T UXV T U 1 +U lt (UXV t ) t U l <0 


U lt GU l < 0 (3.3.12) 

^ISW: 

V ±r GV ± <0 (3.3.13) 

(2)^tt: 

4 R uv M, ft KerU n tferV *, 61 AM R u m R r itU 

u l =[r uv r u ] 

m 

V- = [R uv /?J 
frMMi KerU mKerV tom. 

KerU 0 KerV 
[R uv R u tfj 

sit! pm$LR n $]-ym, 

T = [R uv R u R v W] 

= r u r v wjiw^ft. (3.3.11 )iumT^mT T ^-. 
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TGT r +(TU)X(TV) r +TVX t (TU) t <0 

mru,Tv 

TU = [0 0 t/j U 2 ] 

TV = [0 Vj 0 V 2 ] 

[u t c/ 2 ],[v; 



(3.3.14)«^ 

Gn G 12 G 13 G 14 

4 g 22 g^x* g 24 +x 21 <q 

^13 G 23 + X n ^33 ^ 34 + -^12 

g 14 g 24 + x 2i g 34 + x'l 2 g 44 +x 22 +x 22 

&T L [U 1 t/ 2 ],[v, V 2 ]*rfrii&, HWW 


x = 

~uf 

pi. 

]X 

*21 

X n 

x 22 _ 

1': ' :■! 

Schur #3|®i (3 

3.19);£» J - 


~G n 

g 12 


G 13 

n = 

G T n 

g 22 


Sa+x; 


_Gf 3 G 2 7 3 +X 11 G 33 


<0 



G u 


g 14 

G 44 +X 22 +X 22 — 

G 2 4+Xj 

rr 1 

g 24 +x t 2 ; 


G 34 +X l2 _ 


_G 34 +Xi2_ 


(3.3. 11) J'- (3. 3. 22) ^"M-- M(3. 3. 22)^X» J- 


I 

0 

o' 


7 -G;lG n -G;lG n 

-Gf 2 Gr; 

/ 

0 

n 

0 / 0 

_-g’,g;! 

0 

I 


0 0 I 


(3. 3. 14) 

(3. 3. 15) 
(3. 3. 16) 

(3. 3. 17) 

(3. 3. 18) 


(3. 3. 19) 


(3. 3. 20) 


(3. 3.21) 


(3. 3. 22) 


(3. 3. 23) 
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X,, +A 


0 

XJ, + A r 


<0 


^ 43 , 

A = G^-G^G n 
\Gu <0 

\ G i 2 ~GnG;\G n <0 

{g 33 -g^g;Ig ]3 <0 



ft A U L ,V ± RG 9 tofeX, BP ( 3 . 3. 12)fP(3.3. 13) A. 


(3. 3. 24) 


(3. 3. 25) 


(3. 3. 26) 


(3. 3. 27) 


(3. 3. 28) 


mm.] 


3.4 LMI I'nJiM 

3.4.1 iE^ia 

^jsc3.4.i *mrsMFoo, maje^ssa 

(1) MSAEfi; 

(2) M TBUm w W, Re(F(») > 0 . 

URfflmm&lMl, ffi& T34J-A 

|A r P + PA = -/ r / 

[PZ? = C T 

?ia3.4.i £%.Mmmmz(A,b,c), mmm$fr%T(s)=c(si-Ay 1 bo =sr<»AiE$ift, 
BP 

Re T (.v) > 0, m^f/rPjRe(5)>0 (3.4.1) 

p = p T > 0 
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A T P + PA < 0 , RPb = c T 


(3. 4. 2) 


^3.4.2 dE$*®jSO ®F(s)%rxr&}%Rmttmmm%.W, 

R, «iF(s)^I^P|„ 

(1) M 

&£P£3fiE3^£l$; 

(2) WMtew, T&mir. 

F( jw) + F 7 (~jw) > 0 

mymW^UL, MH'JtlMjyEjiiy. F : .& 

U t p+pa = -l t l 
\pb = c t -l t w 0 
[w 0 t w 0 =d+d t 

?II3.4.2 ^Si*mA,5,C,D), A (A,5) rTS, #R 

D + D r >0* 

®M^(A,B, C, D ) 

{ x = Ax+ Bu 

y =Cx + Du (3. 4. 3) 

x(0) = 0 

t£M%LM. Passive^, WrtRmRMmU URH fa] T > 0 , MhL 

j\(t) T y(t)dt>0 (3.4.4) 

© %M'L{A,B,C,D) W}ttmmlfrfePtT(s) = C(sI-Ay 1 B + D , 

Re(s)>0, 


r(5)+r H ( 5 )>o 

®MRLMI 

~a t p+pa pb-c t 

T r < 0 

B T P-C -(D + D t ) 

ftlEXtffi&W P = P T > 0 Wo 

©#^p$p = p r , 

A t P + PA + (PB-C t )(D + D t ) 1 (PB-C t ) t = 0 


(3. 4. 5) 


(3. 4. 6) 


(3. 4. 7) 


3.4.2 
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31s3.4.3 , mmm%L%T(s)= C (si-Ay l b, 

ip 


!%)L <r> AH®, IP Rea,. (A)) <0 
? 4 ii.a. > na/iiX'm'iA-iii!/|-: p = p t > o 
A T P + PA < 0 , RPb = c T 


(3. 4. 8) 


(3. 4. 9) 


3lffl 3.4.4 mMM*fc%MX(A,B,C,D) , (A, 5) ATS- 

D + D r > 0 o 

® ^^E(A,5,C,D)*W^W|i^ 


{ x = Ax + Bu 
y = Cx +Du 
x(0) = 0 

Passive ft, BP^WWKgffc'J w tuswra T > 0 , $|£ 
\\(t) T y(t)dt> 0 

© %m^(A,B,c,D) = c(si - Ay 1 b+d 

Re(s)>0, 

|r(»|L <7 , Al®, IP Rea, (A)) <0 
© #£P = P r > 0 LMI 

~a t p+pa pb c t ~ 

B t P -Ji D t <0 
C D -]i 


(3. 4. 10) 


(3. 4. 11) 

(3. 4. 12) 


(3. 4. 13) 


© #®gp$p = p r , m& 

A T P + PA + (PB-C T )(D + D T y 1 (PB-C T ) T = 0 (3.4.14) 


3.4.3 LMI Lj Riccati^lik RiccatiA'#^I^^.H 00 ^EK!:6(j^^ 

mm e(a, b,c,d) Mttmmm 

T(s) = C(sl - A) 1 B + D 

R%mmA%>%%M\>ARo{D)< lo WJ 

r|p(4| 0 <1 

*f©TOGtJLM/ : 

|~A r X + X4 + C t C X5 + C r Dl q 
[ fl r X + D T C D T D-I J < 


(3. 4. 15) 

(3. 4. 16) 


(3. 4. 17) 


3-16 





Riccati $m 

X(A + BR 1 D t C ) + (A + BR l D T C) T X + XBR 1 B T X 

+ C T (I + DR l D T )C = 0 (3.4.18) 

HW^iE;t)!?X>0, RA + BR- 1 (B t X+D t OEM K4 5 , R = I-D t D> Oo 

Kifn^iii^Riccati^^ 

$LMk±m%mm%io 

®mmmmmmT( S ) = c(si-Ay l B+D, Rj&m&WA%m.fewuRa(D)< 1 . « 

(3.4.19) 

(3. 4. 17) Riccati X > 0 . 

X(A + BR l D T C ) + (A + BR l D T C) T X + XBR 1 B T X 

+ C T (I + DR l D T )C < 0 (3.4.20) 

Kalman fP Bucy mTiSWIM Riccati ^Sftf tttfiHS, ##tfi£(A,.B) nT® 
fP(A,C) RT*S#r#T, Riccati 

^ (A,C) RT&SjifP (A,5) nils®. Riccati 

Riccati ^®fP Riccati 


3. 5 MAT LAB LMI-tools LMI 

MatLab *Mm&$mX'^(LMI ) LM7 

mum^mLMi&,{<)!&, lmi-^ iMinm.- 

M®, LMI 

lmi xMcffljmTite&t wifitiiM/wiA- xmMm-. LMimmm, am 

&&LMI , X^-^LMI IIBMiEtf®. 

3. 5. 1 

lmi lmi M&mss^; 

N t L{X x ,---,X n )N <M T R(X l ,---,X N )M 

$gP$U iBjSfPfeto ft 4 

y lmi if , H&mflt 

(1) C; 

(2) Illicit LMI 1 J ff 

f^ll^P lmisyso ®rt®^8(4WSiLM/ 
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(1) Setkmis fP getkmis 

-^LMlM.mm BUetlmisJBft, 01 getkmis fa LMI MM, $rA 

setlmis([ || 

Mm imiso mm lmi %*m, mha 

setlmis(ImisO) 

4 t/.M/ m\ 

lmisys=getlmis 

ifaftt$» lmisyso 

(2) lmivar 

am lmivar HH®3£M*LM7 
X=lmivar(type, struct) 

m-^irAMtypeii^T^^MA mmm, 
type = 1, MfaikMm®-, type=2, type = 3, 

Struct WMitiTOEPW 

f o, £nJ|xo\7) = o 

struct O', j) = j n, ^X{i,j) = x n 
[- n, hw Ha ( i, j ) = -x n 

(3) lmiterm 

Hfaw«ftWo lmi mmmmi^LMi ±4 
^^Hfa#^. MJ^h0H = 

lmiterm ^TO«LM7 ft Wo Min, M LMI 

\a t x + xa+c t sc xb\ 

[_ B T X S J 

rt urn 

lmiterm([l 1 1 X], 1, A, ’s’) 
lmiterm([l 1 1 S],C’,C) 
lmiterm([l 1 2 X], 1,B) 
lmiterm([l 2 2 s],—1, 1) 

Afts, 

LMI . 

MmA^WAWAi&o i|^IlETO;tgM7WA;fa£, 09$P lmil=newlmi Hfa lmil„ 

I |2|Pi3t7C«W*ft^f. MMl 1 2 
W7WA£&ft 07fa±A (1,2) Ho H 2 mm 3 AA«iR«AE7®i£fa«^07H. 

LmiterrnH2JlWH3mW7MfPm^W»Mo |4«|» 0.AM’s\ 
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3. 5. 2 

lmi i:ii#i^{irr)tj ; i'^^^ k • t lmi 

(1) MlrttNIlI: [tmin, xfeas]=feasp(lmisys, options, target) 

mi n t 

s.t A(x) - B(x ) < tl 

lmisys QtlAAttlnJiMo tmin ^Pjfc tmin<0, lmisys 

xfe as lmi mo ara 

dec2mat lmisys » 

(2) [copt, xopt]=mincx (lmisys, c, options, xinit, target) 

m lmi 

min c T x 

s.t A{x) < B(x ) 

mincxo ffl^UM^fflLMI lmisys |n]fi c fP&jtiOl: rf ffiln]0(j£tSA 

mm$l, nT^fflaSdefcx*f#SlJiga±fe[^ico ®I(mincxM0flJ 
mm$kc T x copt x 0P t, 

dec2mat M. xopt #®J o 

Mmincx W«JA1AK£7 lmisys fP c Wh #%LM7 

(4) AJ^#!E11[WI$7^7|b]J 1: [lopt, xopt]=gevp(lmisys, nlfc, options, linit, xinit, target) 
##¥!& gevp 

min A 

s.t. C(x) < D(x) 

0 < B(x) 

A(x) < AB(x ) 

$p m^mmiMi ra gev P io P t fp&mfts x mmvtm 

xopto I77s(illWili'itlf-"J Wf&MJ dec2matf#SUo 

«tAAfi lmisys X =1 N#]LMI%m« ^LM/ 

nifc m*o 

gevp h, 

It mfeQ&A A(X)<B(X) (ftISfATO); 

i AjifEA(jc) < b(x) 

i ^mmo <b( X ), 
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